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Roberto Llorens1,2*, Enrique Noé2, Joan Ferri2 and Mariano Alcañiz1,3Abstract
Background: This study determines the feasibility of different approaches to integrative videogame-based group
therapy for improving self-awareness, social skills, and behaviors among traumatic brain injury (TBI) victims and
retrieves participant feedback.
Methods: Forty-two adult TBI survivors were included in a longitudinal study with a pre- and post-assessments. The
experimental intervention involved weekly one-hour sessions conducted over six months. Participants were
assessed using the Self-Awareness Deficits Interview (SADI), Patient Competency Rating Scale (PCRS), the Social Skills
Scale (SSS), the Frontal Systems Behavior Scale (FrSBe), the System Usability Scale (SUS). Pearson's chi-squared test
(χ2) was applied to determine the percentage of participants who had changed their clinical classification in these
tests. Feedback of the intervention was collected through the Intrinsic Motivation Inventory (IMI).
Results: SADI results showed an improvement in participant perceptions of deficits (χ2 = 5.25, p < 0.05), of their
implications (χ2 = 4.71, p < 0.05), and of long-term planning (χ2 = 7.86, p < 0.01). PCRS results confirm these findings
(χ2 = 5.79, p < 0.05). SSS results were also positive with respect to social skills outcomes (χ2 = 17.52, p < 0.01), and
FrSBe results showed behavioral improvements (χ2 = 34.12, p < 0.01). Participants deemed the system accessible
(80.43 ± 8.01 out of 100) and regarded the intervention as interesting and useful (5.74 ± 0.69 out of 7).
Conclusions: Integrative videogame-based group therapy can improve self-awareness, social skills, and behaviors
among individuals with chronic TBI, and the approach is considered effective and motivating.
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Self-awareness (SA) impairment refers to a reduced ability
to appraise one’s strengths and weaknesses and the conse-
quent implications of this tendency on present and future
life activities [1,2]. SA is a broad and complex concept that
implies the interaction of various cognitive processes and
primary human psychological functions [3]. Pathogenesis
processes underlying this symptom are still unknown. Al-
though it has been linked to frontal lobe dysfunction [4,5],
recent studies suggest that SA impairment may result* Correspondence: rllorens@labhuman.com
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nodes within the fronto-parietal control network [6].
Such a diffuse neuroanatomical distribution renders SA
extraordinarily vulnerable to deleterious effects of diffuse
axonal injury arising after the occurrence of traumatic
brain injury (TBI). SA impairment has been reported as a
common symptom following the occurrence of TBI, mani-
festing in 45% to 97% of all cases [1].
In the neuropsychological domain, TBI survivors can
exhibit attention span, memory, and reasoning impair-
ments that in turn can hinder their self-monitoring skills
[7]. All of these deficits together with possible concurrent
problems of emotional coping and acceptance can result
in SA impairment. SA deficits can have serious effects on
everyday functioning. Patients may not understand the
purpose of their participation in a neurorehabilitation. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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and irritable [8]. SA impairment can also lead patients to
set unrealistic goals [9], thus hindering their functional
competence [10] and process of vocational reentry [1]. In
addition, emotional SA impairment can affect one’s aware-
ness of differences between oneself and others, adaptation
to other perspectives, and means of modulating another
person’s behaviors [11]. Consequently, SA deficits can
have a significant impact on social skills and emotional
regulation [12,13], rendering community integration
difficult [14].
A three-layer pyramidal model is typically used to
conceptualize this phenomenon [15]. The model differ-
entiates between: 1) intellectual awareness, or the abil-
ity to perceive a skill as impaired and recognizing their
implications; 2) emergent awareness, or the ability to
realize ongoing complications; and 3) anticipatory
awareness, or the ability to anticipate future problems
derived from the impairment. This model has recently
been extended to consider metacognition [16]. Various
strategies based on this model have been proposed to
mitigate effects of SA impairment [17], and several rec-
ommendations have been presented from available evi-
dence [18]. Educational formats have been shown to
improve intellectual awareness by increasing knowledge
of residual impairments and their implications [17].
Interestingly, group therapy programs, including game-
based programs [19,20], have been reported to reinforce
the benefits of this form of intervention [21,22]. SA in-
terventions often involve task performance feedback
[23], either verbally through the participation of a ther-
apist or visually through the use of videotaped sessions
[24-26], to improve intellectual, emergent, and anticipa-
tory awareness. Other programs have explored the ef-
fectiveness of behavioral interventions, confrontational
techniques, motivational interviews, counseling, and psy-
chotherapy [27]. However, while there is increasing evi-
dence that SA interventions following TBI are effective,
further research is needed to confirm reported results.
Moreover, limited research has been conducted on inter-
actions between SA and social skills following the occur-
rence of a TBI.
Basing on existing evidence [17] and recommendations
[18], we present a videogame-based group therapy pro-
gram that focuses on social interaction to SA improve-
ment. This experimental intervention focuses on the use
of social and metacognitive skills for reasoning, problem-
solving, and planning, and incorporated feedback from
peers and therapists. The objectives of this study are
threefold: first, to determine the feasibility of this pro-
gram for TBI individuals; second, to quantify how the
approach affects social skills and behaviors associated
with frontal lobe damage; and to retrieve participant
feedback on the intervention.Methods
Setting
The study was conducted at the Servicio de Neurorreh-
abilitación y Daño Cerebral of NISA Hospital Valencia al
Mar in Spain. Ethical approval for the study was granted
by the medical center’s Institutional Review Board.
Participants
Outpatient neurorehabilitation program participants were
considered as potential study participants. The following
inclusion criteria were used: 1) moderate to severe TBI ac-
cording to the TBI Mayo Classification System [28]; 2) the
emergence from posttraumatic amnesia over no less than
three months; 3) aged ≥ 25 and ≤ 65 years; 4) chronicity >
six months; 5) absence of cognitive impairment as speci-
fied by the Mini-Mental State Examination [29] > 23; and
6) fairly strong language comprehension, as specified by
the Mississippi Aphasia Screening Test [30] > 45. The
following exclusion criteria were used: 1) patients with
behavioral problems that prevent their participation in
group therapy; 2) patients with visual or hearing impair-
ments that limit their degree of interaction; 3) patients
with severe dementia. All participants who agreed to
take part in the study were required to provide informed
consent.
Measures
The Self-Awareness Deficits Interview (SADI) approach
was used to measure intellectual awareness and meta-
cognition variables [9]. The SADI is a three-component
interview that assesses one’s awareness of deficits and
their functional implications and one’s ability to set real-
istic goals. Each component is scored by a therapist on a
four-point Likert scale ranging from zero (no awareness)
to three (complete awareness). Participants were classified
as exhibiting altered or normal SA following recommen-
dations of previous studies [21]. More specifically, lower
scores (0–1) reflect moderate to high SA. Conversely,
higher scores (2–3) reflect a tendency to deny or minimize
the extent of difficulties experienced.
As recommended by the literature, a second measure
of SA was added. The Patient Competency Rating Scale
(PCRS) was used not only as a secondary measure of in-
tellectual awareness but also to assess social skills [31].
The PCRS compares patient self-ratings of competencies
in 30 areas related to activities of daily living, cognitive
functioning, social skills, and emotional regulation with
those provided by a relative or therapist. Each item is
rated on a five-point Likert scale ranging from one (im-
possible to do) to five (easy to do). In this study, a relative
or caregiver was responsible for completing the scale.
Three scores were obtained from the scale: the number of
items wherein the subject's rating was higher than the
respondent's rating; the number of items wherein the
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and the number of items wherein ratings were identical.
Subjects were then classified as presenting not altered
SA if the number of identical responses was higher than
number of the differing responses and as exhibiting al-
tered SA otherwise.
The Social Skills Scale (SSS) was used to assess social
skills [32]. The scale explores how social skills regulate
individual behaviors in specific situations. The SSS is a
self-administered 33-item questionnaire divided into six
components: self-expression in social situations, defense
of one’s own rights, expression of anger or disagreement,
rejection and interaction cutoff, request making, and
initiation of positive interactions with persons of the op-
posite sex. Each item is scored on a four-point Likert
scale ranging from one (not representative at all) to four
(totally representative). Raw scores were converted to
percentile scores according to the scale manual. Percent-
ile scores greater than 16 were considered not altered.
Scores ranging from two to 16 were considered altered.
Scores fewer than two were considered very altered.
The Frontal Systems Behavior Scale (FrSBe) was used to
measure three frontal system behavioral syndromes: apathy,
disinhibition, and executive dysfunction [33]. The FrSBe is
a 46-item questionnaire that is administered to a patient
and relative to evaluate the patient’s condition before the
injury and before and after the treatment. The disparity be-
tween observer and patient scores serves as a metacognitive
measure of SA [33]. Items are rated on a five-point Likert
scale ranging from one (almost never) to five (almost al-
ways). All scores were converted to T-scores corrected for
age, education, and gender. T-scores of less than 60 were
considered not altered, T-scores ranging from 60 to 64 were
considered of borderline significance, and T-scores of 65 or
above were considered clinically significant.
In addition to the clinical scales, the System Usability
Scale (SUS) [34] and Intrinsic Motivation Inventory (IMI)
[35] were administered to all participants following the
treatment. The SUS is a simple ten-item scale that serves
as a global assessment of subjective usability. The SUS
employs a Likert scale with scores ranging from 0 to 100.
The IMI is a multidimensional questionnaire structured
into various subscales. Each subscale includes different
questions rated on a seven-point Likert scale. In this study,
the IMI was used to assess participant interest/enjoyment,
perceived competence, pressure/tension, and value/useful-
ness measures. Scores approaching seven in each subscale
represent positive values in terms of motivation, with the
exception of the pressure/tension subscale, for which high
scores represent high levels of tension.
Procedure
Participants were divided into groups of eight people
that present similar cognitive conditions, according totherapists’ perception. In each group, participants were
divided into teams of two. Hence, each group consisted of
four pairs of individuals sitting on different sides of a table
playing a digital board game under the supervision of an
experimented neuropsychologist. A multi-touch screen
embedded into a conventional table displayed the game
board, and participants engaged by touching elements
presented on the screen (Figure 1).
The objective of the videogame was to reach the top
of a mountain. Each team strove to reach the summit first
by correctly answering questions presented on cards as
fast as possible, as in a conventional board game. Question
cards included four different types of questions:
 Knowledge (red cards): Anatomical and pathological
matters. For instance: ‘Lesions of the right
hemisphere often cause language problems. True
or false?’
 Reasoning (blue cards): Situational exercises. For
instance: ‘Your friends are talking at the same time
and you cannot follow the conversation. What do
you do?’
 Action (green cards): Role-playing exercises. For
instance: ‘Sometimes, a brain injury can cause
motor problems in one side of the body. Put your
socks and shoes on using only one hand’
 Cohesion (yellow cards): Jokes and sayings. For
instance: ‘Solve this riddle’.
On their turn, each team rolled a dice to move their
game piece to the corresponding game board square and
then answered a random question from those catego-
rized under the square color. Teams answering correctly
moved on to the following square (without answering a
question). Some squares distributed throughout the game
board caused teams lose a turn (avalanche, bear attack,
etc.). Other squares granted participants special abilities to
steal another participant’s question or to assign their own
question to another participant.
To promote participant engagement, the card text was
displayed to the opposite side of the table. In turn, the
group on the opposite side of the table read the other
team’s question aloud for the other group to answer. After
an answer was given, the neuropsychologist involved all
game participants and alternative answers were discussed.
The therapist encouraged participants to play roles and
confront their limitations and gave verbal feedback and
support with each turn.
All of the participants engaged a one-hour session
each week over six months. Two experimented thera-
pists conducted the intervention sessions. All of the
sessions of each group were conducted by the same
neuropsychologist. A different experimented therapist
assessed the condition of the participants before (baseline)
Figure 1 Participants in the middle of a session. Participants interacting with the videogame. The team in the top of the picture has the turn. A
participant belonging to the team located in the opposite side of the multitouch table is reading a question card about reasoning (blue card): “Rose
has just left the ICU. Her relatives are a little worried because she is being hospitalized in a neurorehabilitation unit next week. What would you tell
them to calm them down (functioning of the unit, admission to the floors, rehabilitation process, etc.)?” Participants who have the turn have to listen
to the question, answer it, and justify the answer. After that, the therapist will involve the other participants in a debate about the question.
Table 1 Characteristics of the participants
Characteristic Values
Gender (n, %)
Males 27 (64.3%)
Females 15 (35.7%)
Age (years) 41.71 ± 13.49
Chronicity (days) 227.95 ± 50.20
Cause of the injury (n, %)
Traffic accident 33 (78.6%)
Workplace accident 5 (11.9%)
Fall 4 (9.5%)
Glasgow comma scale (n, %)
Moderate (9–12) 3 (7.1%)
Severe (<9) 39 (92.9%)
Age and chronicity are defined in terms of mean and standard deviation.
Gender, cause of the injury, and Glasgow Comma Scale are expressed as
number of participants and percentage of the total number of participants.
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in the week before the intervention and in the week after
its completion.
Statistical analysis
Pearson's chi-squared test (χ2) was applied to determine
the percentage of participants who had changed their clin-
ical classification. The α level (two-sided) was set at 0.05
for all of the analyses. All analyses were computed using
SPSS for Mac, version 15 (SPSS Inc., Chicago, USA).
Results
A total of 73 TBI survivors were enrolled in the neuror-
ehabilitation program for the duration of the study. Of
these, 21 subjects did not satisfy the study inclusion cri-
teria, and four declined to participate in the study. The
remaining 48 participants (six groups) were included in
the study. Six participants dropped out of the study after
being discharged from the neurorehabilitation program
(n = 5) or due to medical complications (n = 1). These in-
dividuals were replaced with other participants to main-
tain the two-person team format, though their results are
not included in the study. The results for the remaining
42 participants are presented in Table 1.
The results show that the participants benefited from
the intervention across all clinical measures (Table 2).
No negative tendencies were detected in any scale. With
regards to SA, the SADI showed improvements in
perceptions of deficits (χ2 = 5.25, p < 0.05) and their
implications (χ2 = 4.71, p < 0.05) and improvements in
planning skills (χ2 = 7.86, p < 0.01). More specifically, atthe beginning of the intervention, 16 participants pre-
sented limitations in perceiving their deficits, 24 partici-
pants presented difficulties in perceiving their disabilities,
and 31 participants presented difficulties in setting realis-
tic goals. After the treatment, almost all of the participants
(n = 39) perceived their deficits properly, 12 participants
still showed limitations in perceiving their disabilities,
and 19 participants still struggled with establishing real-
istic goals. The PCRS results confirm these improve-
ments (χ2 = 5.79, p < 0.05). According to this scale, one
Table 2 Clinical data
Scale Initial assessment Final assessment Significance
SADI (n, %) Altered Not altered Altered Not altered
Perception
of deficits
16 (38.1%) 26 (61.9%) 3 (7.1%) 39 (92.9%) χ2 = 5.25, p = 0.022
Perception
of disability
24 (57.1%) 18 (42.9%) 12 (28.6%) 30 (71.4%) χ2 = 4.71, p = 0.030
Realistic
plan-making
31 (73.8%) 11 (26.2%) 19 (45.2%) 23 (54.8%) χ2 = 7.86, p = 0.005
PCRS (n, %) Altered Not altered Altered Not altered χ2 = 5.79, p = 0.016
32 (76.2%) 10 (23.8%) 18 (42.9%) 24 (57.1%)
SSS (n, %) Very altered Altered Not altered Very altered Altered Not altered χ2 = 17.52, p = 0.000
6 (14.3%) 25 (59.5%) 11 (26.2%) 0 (0%) 14 (33.3%) 28 (66.7%)
FrSBe (n, %) Clinically
significant
Borderline
impairment
Not altered Clinically
significant
Borderline
impairment
Not altered χ2 = 34.12, p = 0.000
28 (66.7%) 8 (19.0%) 6 (14.3%) 18 (42.9%) 8 (19.0%) 16 (38.1%)
Results are expressed as number of participants and percentage of the total number of participants.
Table 3 Usability and motivation reports
Scale Values
IMI
Interest/enjoyment 5.74 ± 0.69
Perceived competence 5.53 ± 0.63
Pressure/tension 2.07 ± 0.97
Value/usefulness 6.31 ± 0.50
SUS 80.43 ± 8.01
Results are defined in terms of mean and standard deviation.
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classified as not altered after the intervention.
Positive results were also detected in area of social
skills (χ2 = 17.52, p < 0.01). According to the SSS results,
31 participants exhibited disturbed social interaction skills
(six significantly altered) at the baseline. This group was
reduced to 14 participants after the intervention (none sig-
nificantly altered). Similarly, the FrSBe scale detected a de-
crease in frontal damage disturbance (χ2 = 34.12, p < 0.01).
Ten participants from those classified as pathological at
the baseline (n = 28) graduated from this classification
after the program.
Participant self-reports exhibited strong program ac-
ceptance (Table 3). According to the IMI, participants
reported high levels of interest and enjoyment (5.74 ±
0.69), found themselves competent (5.53 ± 0.63) but not
pressured (2.07 ± 0.97), and considered the intervention
useful (6.31 ± 0.50). In addition, as evidenced by the SUS
results, the participants deemed the system highly ac-
cessible (80.43 ± 8.01).
Discussion
This study examined the effectiveness and acceptance of
a videogame-based group therapy program for improv-
ing SA and social skills among TBI survivors. Overall,
results show that the experimental intervention promoted
the acquisition of SA, and mainly in perceptions of deficits
and, to a lesser extent, in the setting of realistic goals. In
addition, concomitant improvements were detected in the
development of adequate social and behavioral manage-
ment skills, which is of particular relevance, as problems
in these areas often arise after the occurrence of TBI.
Interestingly, the experimental intervention was also
deemed motivating and usable.Improvements in intellectual SA after the intervention
were detected by the SADI and corroborated by the PCRS.
An integrative approach involving different strategies
could have led participants to a better understanding of
residual impairments and their implications. Previous
research has shown that educational approaches can in-
crease SA, as measured by the SADI [36] and PCRS [37].
Feedback interventions have also been used to increase in-
tellectual SA with promising results, also detected by the
SADI [38,39] and PCRS [26,39]. It is important to high-
light that clinical changes were detected not only by clini-
cians via SADI scores but also by relatives and caregivers,
as reported by the PCRS. However, classifications of par-
ticipants provided through both scales were not strictly
consistent (Table 2). Differences between questionnaires
and varying evaluator characteristics and criteria may have
caused these differences. Although clinicians are afforded
few interactions with patients who are bound to clinical
settings, relatives and caregivers typically spend more time
with the patients and can observe reactions at home that
differ from those elicited in clinical environments. Inter-
estingly, the PCRS results seemed to match the classifi-
cation shown by the ‘realistic plan-making’ component
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lenging component.
Our results also indicate that the experimental inter-
vention had a significant impact on social skills and be-
haviors. Post-intervention assessment results show that
relatives and caregivers perceived improved social skills
and reduced behavioral problems among the participants
after the intervention. These results suggest that such in-
terventions may allow participants to learn coping strat-
egies, which may in turn enhance their ability to control
emotional and behavioral challenges in the home setting.
This is particularly relevant, as individuals with TBI often
present deficits in social cognition [13], and the majority of
previous research has shown only limited improvements in
this area within severe chronic brain injury population
[40]. It has been suggested that interpersonal relationships
are based not only on social skills but also on self-control
and self-regulation. Deficits in SA can cause not only lack-
ing awareness of one’s own impairments but also impaired
monitoring of one’s own behaviors and their impacts on
others [41]. Previous studies have shown that individuals
who have experienced behavioral disturbances following
a TBI can exhibit significantly less SA relative to those
without behavioral disturbances and that the develop-
ment of SA is associated with successful psychosocial
outcomes [41,42].
The benefits of group therapy after a TBI have been
reported in previous studies. Group interventions can
offer TBI survivors feedback and support from other in-
dividuals with TBI while allowing for the normalization
of everyday functioning and social behaviors through en-
gagement with others experiencing similar challenges
[43-45]. Various group programs for SA development have
been evaluated in the areas of interpersonal and communi-
cation skills feedback [46,47], cognitive and behavioral re-
habilitation and social skills training [21], and discussion
[22]. Interestingly, game-based formats have also been used
to provide feedback and cognitive rehabilitation [19,20].
Our results are consistent with these preliminary studies,
which reinforce the effectiveness of game-based programs.
Participants reported high levels of engagement and
motivation when participating in the program, which may
increase adherence to treatments. This is particularly crit-
ical among individuals with impaired SA since, as noted
before, those who are unaware of their limitations can face
difficulties in understanding their need for participation in
rehabilitation programs. It is interesting to note that none
of the participants voluntarily dropped out from the study.
The limitations of the study must be carefully consid-
ered when analyzing the results. First, the sample size (42
participants) can be considered small, though it is larger
than those typically involved in state-of-the-art inter-
ventions [17]. Second, the demographic and clinical attri-
butes of the sample are inherently linked to specializedneurorehabilitation services offered in the study area,
which may restrict the generalization of results. Finally,
the SSS is a self-administered questionnaire and its in-
terpretation should be done taken into account the SA
deficits of the sample. Since an increase of SA is thought
to lead to a more accurate perception of deficits [48],
which can lead to depression in some cases [49], a de-
crease could be expected in the participants’ self-reports
of social skills. However, scores in the SSS increased after
the therapy. The improvement in SA, as reported by the
SADI and the PCRS, together with the group therapy
could have led participants not only to increase their so-
cial skills but also to perceive this improvement.
The complex construct of SA must be addressed using
a multidimensional approach to mitigate cognitive, psy-
chological, social, and behavioral challenges faced by TBI
survivors. Various strategies have been used to promote
awareness, including neuropsychological programs, psy-
chotherapy, compensatory, and facilitation approaches,
structured experiences, direct feedback, videotaped feed-
back, confrontational techniques, cognitive therapy, group
therapy, game formats and behavioral intervention [50].
Experimental integrative approaches involving videogame-
based group therapy have been shown to improve SA and
to ameliorate social skills and behavior deficits, and such
programs are also considered motivating and accessible
among users.
Conclusions
The results of this study suggest that integrative
videogame-based group interventions that employ various
strategies can improve SA, social skills, and behaviors
among TBI survivors in an accessible and motivating
manner.
Abbreviations
TBI: Traumatic brain injury; SADI: Self-Awareness Deficits Interview;
PCRS: Patient Competency Rating Scale; SSS: Social Skills Scale; FrSBe: Frontal
Systems Behavior Scale; SUS: System Usability Scale; IMI: Intrinsic Motivation
Inventory; SA: Self-awareness.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RL and EN designed the study and interpreted the results. JF contributed to
the data acquisition and to the interpretation of the results. RL and MA
designed the hardware and software components of the system. All the
authors have revised the manuscript and have given their final approval
for publication.
Acknowledgments
The authors wish to thank the staff and patients of Hospital NISA Valencia al
Mar for their time, confidence, and suggestions, and we especially
acknowledge María Dolores Navarro for her dedication. The authors also
wish to thank the LabHuman team for their involvement in this project, and
Francisco Toledo in particular.
This study was funded in part by Ministerio de Economía y Competitividad
of Spain (Project TEREHA, IDI-20110844; and NeuroVR, TIN2013-44741-R),
by Ministerio de Educación y Ciencia of Spain (Projects Consolider-C,
Llorens et al. Journal of NeuroEngineering and Rehabilitation  (2015) 12:37 Page 7 of 8SEJ2006-14301/PSIC; and “CIBER of Physiopathology of Obesity and Nutrition,
an initiative of ISCIII”), and by the Excellence Research Program PROMETEO
(Generalitat Valenciana. Conselleria de Educación, 2008–157).
Author details
1Instituto Interuniversitario de Investigación en Bioingeniería y Tecnología
Orientada al Ser Humano, Universitat Politècnica de València, Camino de
Vera s/n, 46022 Valencia, Spain. 2Servicio de Neurorrehabilitación y Daño
Cerebral de los Hospitales NISA, Fundación Hospitales NISA, Río Tajo 1, 46011
Valencia, Spain. 3Ciber, Fisiopatología Obesidad y Nutrición, CB06/03 Instituto
de Salud Carlos III, Univesity of Jaume I, Av. Sos Baynat s/n, 12071 Castellón,
Spain.
Received: 29 January 2015 Accepted: 27 March 2015References
1. Sherer M, Bergloff P, Levin E, High Jr WM, Oden KE, Nick TG. Impaired
awareness and employment outcome after traumatic brain injury. J Head
Trauma Rehabil. 1998;13(5):52–61.
2. Sherer M, Hart T, Nick TG. Measurement of impaired self-awareness after
traumatic brain injury: a comparison of the patient competency rating scale
and the awareness questionnaire. Brain Inj. 2003;17(1):25–37.
3. Simmond M, Fleming J. Occupational therapy assessment of self-awareness
following traumatic brain injury: a literature review. Br J Occup Ther.
2003;66:447–53.
4. Bogod NM, Mateer CA, MacDonald SWS. Self-awareness after traumatic
brain injury: a comparison of measures and their relationship to executive
functions. J Int Neuropsychol Soc. 2003;9(03):450–8.
5. Stuss DT, Levine B. Adult clinical neuropsychology: lessons from studies of
the frontal lobes. Annu Rev Psychol. 2002;53:401–33.
6. Ham TE, Bonnelle V, Hellyer P, Jilka S, Robertson IH, Leech R, et al. The
neural basis of impaired self-awareness after traumatic brain injury. Brain.
2014;137(Pt 2):586–97.
7. Prigatano GP, Schacter DL. Awareness of Deficit After Brain Injury: Clinical
and Theoretical Issues. New York: Oxford University Press; 1991.
8. Katz N, Fleming J, Keren N, Lightbody S, Hartman-Maeir A. Unawareness
and/or denial of disability: implications for occupational therapy intervention.
Can J Occup Ther. 2002;69(5):281–92.
9. Fleming JM, Strong J, Ashton R. Self-awareness of deficits in adults with
traumatic brain injury: how best to measure? Brain Inj. 1996;10(1):1–15.
10. Goverover Y, Johnston MV, Toglia J, Deluca J. Treatment to improve self-
awareness in persons with acquired brain injury. Brain Inj. 2007;21(9):913–23.
11. Bach LJ, David AS. Self-awareness after acquired and traumatic brain injury.
Neuropsychol Rehabil. 2006;16(4):397–414.
12. Prigatano GP. Behavioral Limitations TBI patients tend to underestimate: a
replication and extension to patients with lateralized cerebral dysfunction.
Clin Neuropsychol. 1996;10(2):191–201.
13. Sherer M, Boake C, Levin E, Silver BV, Ringholz G, High WM. Characteristics
of impaired awareness after traumatic brain injury. J Int Neuropsychol Soc.
1998;4(04):380–7.
14. Sveen U, Mongs M, Roe C, Sandvik L, Bautz-Holter E. Self-rated competency
in activities predicts functioning and participation one year after traumatic
brain injury. Clin Rehabil. 2008;22(1):45–55.
15. Crosson B, Barco PP, Velozo CA, Bolesta MM, Cooper PV, Werts D, et al.
Awareness and compensation in postacute head injury rehabilitation.
J Head Trauma Rehabil. 1989;4(3):46–54.
16. Toglia J, Kirk U. Understanding awareness deficits following brain injury.
NeuroRehabilitation. 2000;15(1):57–70.
17. Schrijnemaekers AC, Smeets SM, Ponds RW, van Heugten CM, Rasquin S.
Treatment of unawareness of deficits in patients with acquired brain injury:
a systematic review. J Head Trauma Rehabil. 2014;29(5):E9–30.
18. Tate R, Kennedy M, Ponsford J, Douglas J, Velikonja D, Bayley M, et al.
INCOG recommendations for management of cognition following traumatic
brain injury, part III: executive function and self-awareness. J Head Trauma
Rehabil. 2014;29(4):338–52.
19. Chittum WR, Johnson K, Chittum JM, Guercio JM, McMorrow MJ. Road to
awareness: an individualized training package for increasing knowledge and
comprehension of personal deficits in persons with acquired brain injury.
Brain Inj. 1996;10(10):763–76.20. Zhou J, Chittum R, Johnson K, Poppen R, Guercio J, McMorrow MJ. The
utilization of a game format to increase knowledge of residuals among
people with acquired brain injury. J Head Trauma Rehabil. 1996;11(1):51–61.
21. Ownsworth TL, McFarland K, Mc Young R. Self-awareness and psychosocial
functioning following acquired brain injury: an evaluation of a group
support programme. Neuropsychol Rehabil. 2000;10(5):465–84.
22. Lundqvist A, Linnros H, Orlenius H, Samuelsson K. Improved self-awareness
and coping strategies for patients with acquired brain injury–a group
therapy programme. Brain Inj. 2010;24(6):823–32.
23. Schmidt J, Lannin N, Fleming J, Ownsworth T. Feedback interventions for
impaired self-awareness following brain injury: a systematic review. J Rehabil
Med. 2011;43(8):673–80.
24. Schmidt J, Fleming J, Ownsworth T, Lannin NA. Video feedback on
functional task performance improves self-awareness after traumatic
brain injury: a randomized controlled trial. Neurorehabil Neural Repair.
2013;27(4):316–24.
25. McGraw-Hunter M, Faw GD, Davis PK. The use of video self-modelling and
feedback to teach cooking skills to individuals with traumatic brain injury:
a pilot study. Brain Inj. 2006;20(10):1061–8.
26. Ownsworth T, Quinn H, Fleming J, Kendall M, Shum D. Error self-regulation
following traumatic brain injury: a single case study evaluation of
metacognitive skills training and behavioural practice interventions.
Neuropsychol Rehabil. 2010;20(1):59–80.
27. Lucas SE, Fleming JM. Interventions for improving self-awareness following
acquired brain injury. Aust Occup Ther J. 2005;52(2):160–70.
28. Malec JF, Brown AW, Leibson CL, Flaada JT, Mandrekar JN, Diehl NN, et al.
The mayo classification system for traumatic brain injury severity.
J Neurotrauma. 2007;24(9):1417–24.
29. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res. 1975;12(3):189–98.
30. Nakase-Thompson R, Manning E, Sherer M, Yablon SA, Gontkovsky SL,
Vickery C. Brief assessment of severe language impairments: initial validation
of the Mississippi aphasia screening test. Brain Inj. 2005;19(9):685–91.
31. Prigatano GP, Fordyce DJ. Neuropsychological rehabilitation after brain
injury. Baltimore: The Johns Hopkins University Press; 1986.
32. Gismero E. EHS, Escala de habilidades sociales. TEA: Madrid; 2000.
33. Reid-Arndt SA, Nehl C, Hinkebein J. The Frontal Systems Behaviour Scale
(FrSBe) as a predictor of community integration following a traumatic brain
injury. Brain Inj. 2007;21(13–14):1361–9.
34. Brooke J. SUS: A quick and dirty usability scale. In Usability evaluation in
industry. PW Jordan, et al. Editors. Taylor and Francis; 1996
35. Plant RW, Ryan RM. Intrinsic motivation and the effects of self-
consciousness, self-awareness, and ego-involvement: An investigation of
internally controlling styles. J Pers. 1985;53(3):435–49.
36. Cheng SK, Man DW. Management of impaired self-awareness in persons
with traumatic brain injury. Brain Inj. 2006;20(6):621–8.
37. Ownsworth T, Fleming J, Shum D, Kuipers P, Strong J. Comparison of
individual, group and combined intervention formats in a randomized
controlled trial for facilitating goal attainment and improving psychosocial
function following acquired brain injury. J Rehabil Med. 2008;40(2):81–8.
38. Ownsworth T, Fleming J, Desbois J, Strong J, Kuipers P. A metacognitive
contextual intervention to enhance error awareness and functional
outcome following traumatic brain injury: a single-case experimental design.
J Int Neuropsychol Soc. 2006;12(1):54–63.
39. Fleming JM, Lucas SE, Lightbody S. Using occupation to facilitate
self-awareness in people who have acquired brain injury: a pilot study.
Can J Occup Ther. 2006;73(1):44–55.
40. McDonald S, Tate R, Togher L, Bornhofen C, Long E, Gertler P, et al. Social
skills treatment for people with severe, chronic acquired brain injuries: a
multicenter trial. Arch Phys Med Rehabil. 2008;89(9):1648–59.
41. Schefft BK, Malec JF, Lehr BK, Kanfer FH. The role of self-regulation therapy
with the brain-injured client. In: Maurish ME, Moses JA, editors. Clinical
neuropsychology: theoretical foundations for practitioners. Mahwah, NJ:
Erlbaum; 1997. p. 237–82.
42. Pollens RD, McBratnie BP, Burton PL. Beyond cognition: executive functions
in closed head injury. Cogn Rehabil. 1988;6(5):26–32.
43. Carbery H, Burd B. Social aspects of cognitive retraining in an outpatient
group setting for head trauma patients. Cogn Rehabil. 1983;1:5–7.
44. Bennett TL, Raymond MJ. Emotional consequences and psychotherapy for
individuals with mild brain injury. Appl Neuropsychol. 1997;4(1):55–61.
Llorens et al. Journal of NeuroEngineering and Rehabilitation  (2015) 12:37 Page 8 of 845. Delmonico RL, Hanley-Peterson P, Englander J. Group psychotherapy for
persons with traumatic brain injury: management of frustration and
substance abuse. J Head Trauma Rehabil. 1998;13(6):10–22.
46. Alexy WD, Foster M, Baker A. Audio-visual feedback: an exercise in
self-awareness for the head injured patient. Cogn Rehabil. 1983;1(6):8–10.
47. Ranseen JD, Bohaska LA, Schmitt FA. An investigation of anosognosia
following traumatic head injury. Int J Clin Neuropsychol. 1990;12(1):29–36.
48. Sasse N, Gibbons H, Wilson L, Martinez-Olivera R, Schmidt H, Hasselhorn M,
et al. Self-awareness and health-related quality of life after traumatic brain
injury. J Head Trauma Rehabil. 2013;28(6):464–72.
49. Malec JF, Testa JA, Rush BK, Brown AW, Moessner AM. Self-assessment of
impairment, impaired self-awareness, and depression after traumatic brain
injury. J Head Trauma Rehabil. 2007;22(3):156–66.
50. Fleming JM, Ownsworth T. A review of awareness interventions in brain
injury rehabilitation. Neuropsychol Rehabil. 2006;16(4):474–500.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
